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where Y0bs is the observed value; Ysim is the model
simulated value; and Ymean is the mean observed
value. The Nash-Sutcliff coefficient is the proportion
of the variance of the observed values accounted for

by the simulation model. Its values can range from 1
to - infinity. A negative value indicates that the
observed mean does better predicting the observed
value than the simulation model.

RESULTS AND DISCUSSION

Precipitation

Annual rainfall for 1985 was 27 percent above the
long-term normal rainfall (Figure 2). Rainfall from
January 10 through June was 230 percent greater
than normal. Only 19 percent of normal rainfall was
recorded during July and August. From September
through December, rainfall was 27 percent less than
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normal. The bimodal rainfall distribution provided
the opportunity to determine the effect of potential
ETr on observed ET from the lysimeters, and the
model simulated ET during periods of above normal
rainfall (January-June), during drought conditions
(July and August), and below normal rainfall
(September-December) within one year.

Evapotranspiration

Crop coefficients have been used most often in sim
ulating ET from irrigated croplands, and are difficult
to define for rangelands where water is almost always
limiting for plant growth (Wight and Hanson, 1990).
Kc values for grass pastures have been estimated
between 0.75 and 1.0 (Jensen, 1974; Soil Conserva
tion Service, 1967). Wight and Hanson (1990) report
ed that KC for rangelands were between 0.79 and
0.85, and could be determined by using the median
KC value for periods immediately following rainfall
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Figure 2. Long-Term Normal and Observed Monthly Precipitation During the Study Period.
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events. Using this technique, the Kc value for the
grass interspaces and shrub clusters ranged from 0.63
to 1.68 when soil water was nonlimiting. Kc values of
> 1 indicated that observed ET exceeded simulated
potential ETr. One reason for overestimating simulat
ed ET was partially attributed to the model not
accounting for interception. Although there was no
direct measurement of canopy interception during the
study, the interception rates of the shrub clusters is
estimated to be approximately 15 percent of annual
rainfall based on work in other shrub dominated

plant communities. Thurow et al. (1987), working in
central Texas, estimated that for oak mottes,
midgrass, and shortgrass dominated areas canopy
interception of annual rainfall was 25 percent, 18 per
cent, and 11 percent, respectively. Interception of
rainfall for California chaparral dominated shrub
communities was estimated to be 8 percent of annual
rainfall (Rowe, 1948; Hamilton and Rowe, 1949). A
second limitation is that, by using maximum daily
temperature, the model will overestimate ET on days
with afternoon clouds or rainstorms. The median KC
value (0.85) was used to initialize the model for both
the grass interspaces and shrub clusters. No kc value
adequately simulated ET for bare soil. For the bare
soil simulations the Kc was initialized to 1.0.

Herbaceous production in South Texas followed
a slightly bimodal growth pattern during 1985
(Figure 1). Several woody species within the lysime
ters are drought deciduous and their growth followed
a bimodal distribution pattern. However, the contri
bution of these drought deciduous shrubs to total leaf
biomass of the shrub clusters were minimal and were

masked by the leaf biomass of the evergreen lime
prickly ash (Zanthoxylum fagara). The inability of the
model to accommodate bimodal growth did not result
in a significant difference between simulated ET and
observed ET for the grass interspaces and shrub clus
ters (Figure 3). Where soil water content is nonlimit
ing and a bimodal growing season exists, the water
budget for each portion of the growing season should
be modeled independently, or the model needs to be
modified to account for bimodal growing seasons.

The ET and surface runoff components of the
model are relatively insensitive to changes in root
density as a function of depth. The effect of changes in
root density on simulated ET is nonlinear. A 10 per
cent change in root density in the second or third
layer had minimal effect (1 percent) on simulated ET.
When root density in the fourth layer was reduced
from 10 percent to 0 percent, simulated ET was
reduced by 5 percent and surface runoff by < 1 per
cent. A 10 percent increase in roots in the fourth soil
layer increased simulated ET by 7 percent and
decreased surface runoff by < 1 percent. Simulated
ET will decrease and drainage and soil water will

increase if root density is underestimated in the lower
soil layers. Changes in root density in the lower soil
layers had a relatively large effect on drainage
(changing by 11-17 percent) and soil water content (20
percent), but minimal effect on surface runoff (< 1
percent).

Simulated annual potential ETr was 1,760 mm,
close to the average predicted pan evaporation (1,840
mm using a pan coefficient of 0.80), Penman (2,100
mm), and the Priestly-Taylor (1,700 mm) estimates.
Annual simulated ET for the grass interspaces and
shrub clusters were within ± 2 percent of observed ET
(Table 1). The simulated ET for the bare soil lysime
ters was underestimated by 18 percent. Wight et al.
(1986) reported that ERHYM-II estimates of potential
ETr were highly correlated with observed ET for a
sagebrush-grass plant community in southwest
Idaho. Simulated ET for the grass interspaces and the
shrub clusters were will correlated with observed ET
(Figure 3) and model performance was considered
very good (positive Nash-Sutcliff coefficients) (Table
2). The simulated ET of the bare soil was poorly corre
lated with observed ET. The poor model performance
in simulating ET from the bare soil is indicated by the
low Nash-Sutcliff coefficient. The model underesti
mated evaporation from the bare soil because it limit
ed evaporation to the surface 300 mm of the soil
profile. A substantial quantity of water was evaporat
ed from the 300-600 mm portion of the soil profile
during the entire year from the bare soil lysimeters.
Other researchers have also reported that evapora
tion from undisturbed rangeland soils exceeded the
surface 300 mm of the soil profile (Johnson, 1970;
Carlson et al., 1990).

The model showed some difficulty in simulating ET
over short time steps. The reason for the model's poor
performance was partially attributed to the model not
accounting for interception losses. A second limitation
is that, by using maximum and minimum tempera
tures, the model overestimates ET on days with after
noon clouds and rain storms and will underestimate
ET for days with low relative humidity and strong
winds. When different time periods of simulation
were evaluated, the model overpredicted sometimes
and underpredicted other times. This resulted in good
annual prediction of accumulative ET, but poor within
season predictions. During the period of relatively
high rainfall (January through June 1985), the aver
age daily simulated ET of the shrub clusters and
grass interspaces were similar and were within 4 per
cent of observed ET (Table 3). Dugas and Meyeux
(1991), also working in Texas, reported that ET was
similar between grass dominated landscapes and
mesquite dominated landscapes when soil water
availability was high. For the bare soil, the model
underestimated daily observed ET by 13 percent.
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During the dry period (July and August), the average
daily simulated ET of the grass interspaces was over
estimated and the shrub clusters were underestimat

ed by 25 percent. The average daily simulated ET of
the bare soil was underestimated by 72 percent. From
September 1985 through January 7, 1986 (a period of
below normal rainfall), the simulated ET closely
approximated the observed ET for the grass inter
space. The model underestimated the daily observed
ET for the shrub clusters and the bare soil by 21 and
10 percent, respectively.

TABLE 2. Nash-Sutcliff Coefficient of Efficiency Values for
Observed Versus ERHYM-II Model Simulated Components

of the Water Balance for Grass Interspaces, Shrub
Clusters, and Bare Soil on Sandy Loam Soils,

La Copita Research Area, Alice, Texas.

ET Drainage Runoff

Change in
Soil Water

(mm)

Source 0-60 60-120

Grass Interspace

Shrub Clusters

Bare Soil

0.48

0.54

0.07

0.1

NA*

-1.92

-0.21

-2.32

0.83

0.53

0.14

0.01

-0.44

-2.42

-15.15

*NA = Not appropriate because no drainage was observed.

Drainage

After all soil layers are filled to field capacity and
runoff and ET have been satisfied, any excess water is
routed out of the soil profile as deep drainage. The
model does not account for the redistribution of water

in the soil profile by unsaturated flow. Once the model
simulated that the soil profile from 300 to 1200 mm
became saturated within the bare soil treatment, any

subsequent water entering the soil profile below 300
mm was routed as deep drainage. The observed lower
most soil profiles of all three treatments (600-1200
mm) never attained field capacity. The observed
drainage from the bare soil and grass interspace
treatments was a function of unsaturated flow. The
model overpredicted drainage from the bare soil by 8
percent and underestimated drainage from the grass
interspaces by 87 percent (Table 1). The lowermost
subsurface layer beneath the shrub clusters (900 to
1200 mm) for both the observed and the model simu
lation never attained field capacity. The simulated
and observed drainage were the same (0 mm).

Runoff

Simulated runoff and observed runoff from the

bare soil were the same (Table 1). The simulated
annual runoff from the grass interspaces and shrub
clusters was two to three times greater than mea
sured amounts from the grass interspaces and shrub
clusters. The negative Nash-Sutcliff coefficient for
runoff for both the grass interspace and the shrub
clusters indicates that the observed mean runoff is a
better estimate of annual runoff than the model
(Table 2). Wilcox et al. (1990) reported that the CN
technique was a poor estimator of both monthly and
annual runoff for shrub dominated watersheds in cen
tral Idaho.

Although observed and simulated annual runoff for
the bare soil were the same, the CN technique consis
tently underestimated runoff from small rainfall
events (< 25 mm) and overestimated runoff from large
rainfall events (> 25 mm). Twenty-six runoff events
from the bare soil were recorded in 1985, but the
model simulated runoff from approximately one-half
of the rainfall events. The shrub clusters and the
grass interspaces had 21 and 20 measured runoff

TABLE 3. Observed Versus ERHYM-II Model Simulated Daily Evapotranspiration (mm/day) for Grass Interspaces,
Shrub Clusters, and Bare Soil for 1985 on Sandy Clay Loam Soils, La Copita Research Area, Alice, Texas.

Annual

Seasonal Evapotranspirat
(mm/day)

ion

Source January-June July-August September-December

Grass Interspace
Observed

Simulated

2.30

2.25

2.87

2.99

2.82

2.10

1.38

1.40

Shrub Clusters

Observed

Simulated

2.40

2.45

3.35

3.38

1.74

2.29

1.70

1.34

Bare Soil
Observed

Simulated

1.80

1.45

2.36

2.06

1.02

0.29

1.53

1.38
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events, respectively. However, as with the bare soil,
the model only simulated runoff from one-half of the
rainfall events. Seventy-five percent of the annual
surface runoff for the grass interspaces and 65 per
cent of the runoff for shrub clusters and bare soil was
the result of three rainfall events. The proportion of
model simulated runoff was similar to the observed
runoff for the three rainfall events. The overpredic-
tion of surface runoff from the shrub clusters resulted
in a 4 percent increase in soil water deficit.

Soil Water

Simulated soil water contents of the first two lay
ers (0 to 600 mm) were well correlated with the
observed soil water content and the Nash-Sutcliff
coefficients were positive for the shrub clusters and
grass interspaces (Table 2, Figure 4). However, simu
lated and observed soil water contents for the bare
soil was poorly correlated and the Nash-Sutcliff coeffi
cient was close to zero. There was no correlation
between simulated and observed soil water content in
the lower two soil layers (600 to 1200 mm) in the bare
soil (Figure 5). The Nash-Sutcliff coefficients for all
three vegetation treatments were negative for soil
water content for the two lower soil layers (Table 2).
This indicates poor correspondence between the simu
lated soil water content and observed values for all
three treatments at the lower soil profile depths.

Simulated soil water content of the bare soil profile
at 600 to 1200 mm depth was greater than observed
water content for the entire year. Simulated soil
water content was greater than observed for the
shrub clusters during the first six months of the year.
The model underpredicted the observed soil water
content for the last six months for the shrub clusters.
The simulated soil water content was greater than
observed for the grass interspace from late February
through the end of the evaluation period. The reason
for the model's poor performance in simulating soil
water content in the lower two layers for the shrub
clusters and grass interspaces was attributed to the
model's overpredicting runoff. The reason for the
model's poor performance in simulating soil water
content for the bare soil was attributed to limiting ET
to the surface 300 mm and not accounting for
drainage by unsaturated flow.

SUMMARY AND CONCLUSIONS

The ERHYM-II model should perform well on arid
and semiarid rangelands where runoff and deep

drainage are a small percentage of the water balance.
The model closely approximated the annual water
balance for shrub clusters and grass interspaces in
south Texas. However, the model performed poorly on
the bare soil areas. The model is currently limited to
use on shallow and moderately deep soils. Parameters
which need further definition for rangeland are the
CN, crop coefficient, and the root density distribution.

The model is very sensitive to variations in CN.
The published CN values overestimated runoff 8 to 12
fold for all vegetation conditions. This resulted in an
underestimation of drainage and evapotranspiration.
The difference between simulated runoff and observed

runoff were minimized after the CN values were

reduced for the grass interspaces and the shrub clus
ters. Observed runoff accounted for 2 and 3 percent of
annual rainfall for the shrub clusters and grass inter
spaces, respectively. The simulated runoff accounted
for 6 percent of annual rainfall.

If more accurate estimates of surface runoff are

required, then physically based models like Kineros
(Woolhiser et al., 1990b) or IRS (Stone et al., 1992)
needs to be substituted for the CN technology. The
disadvantage of this approach is the increase in the
number of parameters required. Many of these
parameters are difficult to define or unavailable for
rangelands (Chezy or Manning hydraulic roughness
coefficient, effective porosity of the soil, and cumula
tive infiltration) and would make the model unsuit
able for many applications.

Evapotranspiration in ERHYM-II is a function of
available stored soil water, potentially available
stored water capacity, crop coefficient, root density,
and soil temperature. The ET component of the model
is relatively insensitive to the root density parame
ters. The soil water and drainage components of the
model are sensitive to the density of roots in the low
est soil horizon. The ET component of the model is
sensitive to variations in crop coefficient. Work by
Wight and Hanson (1990) and results of this study
indicate that a crop coefficient of 0.85 is appropriate
for converting the Jensen-Haise potential ETh to a
rangeland potential ETr for shrub and grass plant
communities in south Texas. No crop coefficient was
found that adequately simulated ET for the bare soil.
The simulated annual ET was similar to the observed

ET of the shrub clusters and the grass interspaces.
The model significantly underestimated annual ET
for the bare soil mainly because it restricts evapora
tive losses to the surface 300 mm of the soil profile.
There are problems with the methodology used to cal
culated deep percolation. A subroutine to calculate
drainage as a function of unsaturated hydrologic con
ductivity should correct the problem of maintaining
the soil profile beneath the bared soil lysimeters
at field capacity. This problem will occur whenever
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soil water is added to a soil layer below active root
growth.

Shrub clusters responded quicker to available soil
water than did the grass interspaces. The shrub clus
ter transpiration rate was greater than the unsatu
rated flow rate, thus precluding any substantial
downward movement of water into the lower soil pro
file. Soil water was extracted first from the surface
soil horizons regardless of the vegetative cover.
Evapotranspiration and runoff were essentially the
same for the grass interspaces and shrub clusters.
These results indicate that no net change in ET and
runoff would occur if shrub clusters are replaced with
deep rooted perennial grasses in south Texas.
Increasing water yield in south Texas through vegeta
tion manipulation is marginal and limited to years
when rainfall exceeds potential evapotranspiration.

INTERPRETIVE SUMMARY

Understanding of the water balance for rangeland
plant communities is essential if accurate estimates of
the effect of vegetation manipulation on runoff and
aquifer recharge is to be predicted. Field studies are
costly, difficult to replicate, and often require numer
ous years to determine treatment effect on the water
budget. If properly applied, hydrologic simulation
models are a rapid alternative for assessing manage
ment practices. In this study, the ERHYM-II model
was evaluated to determine if it was capable of simu
lating the water balance for mesquite, annual grass,
and bare soil dominated areas in south Texas. The
simulated water budget was within 2 percent of the
measured evapotranspiration for the mesquite and
grass dominated areas. The ERHYM-II model under
estimated evapotranspiration (18 percent) and overes
timated soil water content (82 percent) for bare soil.
The model underestimated evapotranspiration for the
bare soil as a result of restricting evaporative losses
to the first soil layer. The model underestimated the
number of runoff events and overestimated the vol
ume of runoff by twofold for the mesquite and grass
dominated areas. Although this difference seems
large, observed runoff accounted for 2 to 3 percent of
annual rainfall. Simulated runoff accounted for 6 per
cent of annual runoff. Based on our analysis, the
ERHYM-II model has the potential for simulating the
annual water balance for vegetated rangeland plant
communities.

LITERATURE CITED

Baker, M. B., Jr., 1984. Changes in Streamflow in a Herbicide-
Treated Pinyon-Juniper Watershed in Arizona. Water Resources
Research 20:1639-1642.

Bosch, J. H. and J. D. Hewlett, 1982. A Review of Catchment Ex
periments to Determine the Effect of Vegetation Changes and
WaterYield andEvapotranspiration. Journalof Hydrology 65:3-
23.

Branson, F. A., G.F. Giflbrd, K. G.Renard, and R. F. Hadley, 1981.
Rangeland Hydrology. Range Science Series No. 1, Second
Edition, Society for Range Management, Denver, Colorado, 340
pp.

Brown, R. W., 1977. Water Relations of Range Plants. In:
Rangeland Plant Physiology, R. E. Sosebee (Editor). Range
Science SeriesNo.4, Chapter 4, Society for RangeManagement,
Denver, Colorado, pp. 104-140.

Carlson, D.E., T. L. Thurow, R. W. Knight, and R. K. Heitschmidt,
1990. Effect of Honey Mesquite on the Water Balance of Texas
Rolling Plains Rangeland. Journal of Range Management
43:491-496.

Clary, W. P., M. B. Baker,Jr., P.F.O'Connell, T. N. Johnsen,Jr., and
R. F. Campbell, 1974. Effects of Pinyon-Juniper Removal on
Natural Resource Products and Uses in Arizona. Research
Paper RM-128, U.S. Department of Agriculture Forest Service
Rocky Mountain Forest and Range Experiment Station, Fort
Collins, Colorado, 28 pp.

Collings, M. R. and R. M. Myrick, 1966. Effects of Juniper and
Pinyon Eradication on Streamflow from Corduroy Creek Basin,
Arizona. U.S. Geological Survey Professional Paper 491-B, 12
pp.

Dugas, W. A. andH. S. Meyeux, 1991. Evaporation from Rangeland
With and Without Honey Mesquite. Journal of Range Manage
ment 44:161-170.

Gifford, G. F., 1975. Approximate Annual Water Budget of Two
Chained Pinyon-Juniper Sites. Journal of Range Management
28:73-74.

Griffin, R. C. and B. A. McCarl, 1989.Brushland Management for
Increased Water Yield in Texas. Water Resources Bulletin
25:175-186.

Haily, J. L. and H. N. McGill, 1983. Runoff Curve Number Based on
Soil-Cover Complex and Climatic Factors. American Society of
Agricultural Engineers Summer Meetings: Bozeman, Montana,
and St. Joseph,Michigan, Paper83-2057, 23 pp.

Hamilton, E. L. and P. B. Rowe, 1949. Rainfall Interception by
Chaparral in California. USDA and California Department of
Natural Resources, Division of Forestry (unnumbered publica
tion).

Hibbert, A. R., 1983. Water Yield Improvement Potential by
Vegetation Management on Western Rangelands. Water
Resources Bulletin 19:375-381.

Kirmse, R. D. and B. E. Norton, 1985. Comparison of Reference
Unit Method and Dimensional Analysis Methods for Large
Shrubby Species in the Caatinga Woodlands. Journal of Range
Management 38:425-427.

Jensen, M. E. (Editor), 1974. Consumptive Use of Water and
Irrigation Water Requirements. American society of Civil
Engineers, New York, New York.

Jensen, M. E. and H. R. Haise, 1963. Estimating Evapotranspira
tion from Solar Radiation. Proc. American Society of Civil
Engineers, Journal of Irrigation and Drainage Division 89:15-
41.

Johnson, R. S., 1970. Evapotranspiration from Bare Soil, Herba
ceous, and Aspen Plots. A Check on a Former Study. Water
Resources Research 6:324-327.

Lane, L. J., E. M. Romney, and T. E. Hakonson, 1984. Water
Balance Calculations and Net Production of Perennial
Vegetation in the Northern Mojave Desert. Journal of Range
Management 37:12-18.

473 WATER RESOURCES BULLETIN



Weltz and Blackburn

Lauenroth, W. K. and P. L. Sims, 1976. Evapotranspiration from a
Shortgrass Prairie Subjected to Water and Nitrogen Treat
ments. Water Resources Research 12:437-442.

Levy, E. B. and E. A. Madden, 1933. The Point Method of Pasture
Analysis. New Zealand Journal Agriculture 46:267-279.

Ludwig, J. A., J. F. Renolds, and P. D. Whitson, 1975. Size-Biomass
Relationships of Several Chiuahuan Desert Shrubs. American
Midland Naturalist 94:451-461.

Minzenmayer, F. E., 1979. Soil Survey of Jim Wells County, Texas.
United States Department of Agriculture, Soil Conservation
Service, 111 pp.

Nash, J. E. and J. V. Sutcliffe, 1970. River Flow Forecasting
Through Conceptual Models. 1. A Discussion of Principles.
Journal ofHydrology 10:282-290.

Orton, R. B., 1969. The Climate of Texas. In: Climate of the States,
Volume II. Western States Including Alaska and Hawaii. Water
Information Center, Inc., Port Washington, New York, pp 871-
891.

Osborn, H. B. and J. R. Simanton, 1990. Hydrologic Modeling of a
Treated Rangeland Watershed. Journal of Range Management
43:474-481.

Rechenthin, C. A. and H. N. Smith, 1964. Grassland Restoration
the Texas Brush Problem. U.S. Department of Agriculture, Soil
Conservation Service, 27 pp.

Richardson, C. W, E. Burnett, and R. W. Bovey, 1979. Hydrologic
Effect of Brush Control on Texas Rangelands. American Society
of Agricultural Engineers Transactions 22:315-319.

Ritchie, J. T. and E. Burnett, 1971. Dryland Evaporative Flux in
Sub Humid Climate. II. Plant Influences. Agronomy Journal
63:56-62.

Rowe, P. B., 1948. Influence of Woodland Chaparral on Water and
Soil in Central California. USDA and California Department of
Natural Resources, Division of Forestry (unnumbered publica
tion).

Soil Conservation Service, 1967. Irrigation Water Requirements.
Technical Release No. 21, Washington, D.C.

Soil Conservation Service, 1985. National Engineering Handbook.
Hydrology, Section 4, Chapters 7-10, Washington, D.C, pp. 4.1-
7.28.

Steel, R. G. D. and J. H. Torrie, 1980. Principles and Procedures of
Statistics: A Biometeric Approach. McGraw-Hill Book Company,
New York, New York.

Stone, J. J., L. J. Lane, and E. D. Shirley, 1992. Infiltration and
Runoff Simulation on a Plane. Transactions of the American

Society ofAgricultural Engineers 35:161-170.
Texas Department of Water Resources, 1984. Texas Water Facts.

Report C-19,19 pp.
Thurow, T. L., W. H. Blackburn, S. D. Warren, and C. A. Taylor,

1987. Rainfall Interception by Midgrass, Shortgrass, and Live
Oak Mottes. Journal ofRange Management 40:455-460.

Wight, J. R., 1987. ERHYM-II: Model Description and User Guide
for the Basic Version. U.S. Department of Agriculture, Agricul
ture Research Service, ARS 59, 23 pp.

Wight, J. R. and C. L. Hanson, 1990. Crop Coefficients for Range-
land. Journal ofRange Management 43:482-485.

Wight, J. R. and E. L. Neff, 1983. Soil-Vegetation-Hydrology Stud
ies. Vol. H. A User Manual for ERHYM: The Ekalaka Rangeland
Hydrology and Yield Model. U.S. Department of Agriculture,
Agriculture Research Service, Results, ARR-W-29, 436 pp.

Wight, J. R. and J. W. Skiles (Editors), 1987. SPUR: Simulation of
Production and Utilization of Rangelands. Documentation and
User Guide. U.S. Department of Agriculture, Agriculture
Research Service, ARS 63, 366 pp.

Wight, J. R., C. L. Hanson, and K. R. Cooley, 1986. Modeling Evapo
transpiration from Sagebrush-Grass Rangeland. Journal of
Range Management 39:81-85.

Wilcox, B. P., W. J. Rawls, D. L. Brakensiek, and J. R. Wight, 1990.
Predicting Runoff from Rangeland Catchments: A Comparison
ofTwo Models. Water Resources Research 26:2401-2410.

Wood, M. K. and W. H. Blackburn, 1984. An Evaluation of the
Hydrologic Soil Groups as Used in the SCS Runoff Method on
Rangelands. Water Resources Bulletin 20:379-389.

Woolhiser, D. A., D. C. Goodrich, W. E. Emmerich, and T. O. Keefer,
1990a. Hydrologic Effect of Brush to Grass Conversion.
Watershed Planning and Analysis in Action Symposium.
Proceedings of the Irrigation Conference Watershed
Management, Irrigation Division, American Society of Civil
Engineers, Durango, Colorado, pp. 293-302.

Woolhiser, D. A., R. E. Smith, and D. C. Goodrich, 1990b.
KINEROS, a Kinematic Runoff and Erosion Model: Documen
tation and User Manual. U.S. Department of Agriculture,
Agriculture Research Service, ARS 77,130 pp.

WATER RESOURCES BULLETIN 474


